ABSTRACT Phlebotomus (Phlebotomus) papatasi (Scopoli) collected in human dwellings from an agricultural villages Chaura, located in Gaya district, Bihar, India, showed morphological and anatomical variations. Male sand ßies of this species exhibited variations in the genital structures, while females showed differences in the spermathecae and antenna segment three (A3). When the mitochondrial DNA of both male and female P. (P.) papatasi sensu lato population subjected to DNA barcoding, both the sexes of P. (P.) papatasi variants were found to be associated. The differences in the morphometric characteristics clearly constitutes preliminary evidence for infraspeciÞc variation in P. (P.) papatasi s.l. population in India.
Description of sand ßies in India has been initiated since 1908, when Annandale (1908) described Phlebotomus (Euphlebotomus) argentipes Annandale and Brunetti. Subsequently, series of works have been carried out on sand ßies, including the morphological descriptions. Sinton (1924 Sinton ( , 1925 Sinton ( , 1927 ) contributed a major work, particularly on morphological descriptions of Indian sand ßies. After 1942, there were few reports on sand ßy description and distribution. Majority of the descriptive studies have been dealing with the importance of male genitalia for identiÞcation and, in some cases, a few features of the female mouth parts were considered (Sinton 1924 (Sinton , 1927 . SigniÞcance of the internal genitalia of females for the purpose of identiÞcation was also emphasized by Sinton (1927) . Description of Phlebotomus (Phlebotomus) papatasi (Scopoli) has been made from the Oriental region by Lewis (1978) . Abnormality in male genitalia, particularly in the surstyle and dististyle of P. (P.) papatasi was reported from India by Kaul and Wattal (1979) . Pesson et al. (1994) had shown the importance of female genital armature in separating P. (P.) papatasi females from Phlebotomus (Phlebotomus) duboscqi Neveu-Lamaire, which are closely related species and difÞcult to separate. Occurrence of genetic variability in P. (P.) papatasi population has been reported by Dantas-Torres et al. (2010) . However, studies on sand ßy taxonomy including cryptic species and morphological variants are inevitable in view of spread of sand ßy-borne diseases (WHO 2005 , Dey et al. 2007 ). In India, visceral and cutaneous leishmaniases are spreading from endemic to nonendemic areas (Sharma et al. 2003 , Chandha et al. 2005 ) and involvement of sand ßies in the transmission of chandipura virus is suspected (Geevarghese et al. 2005) . Under this juncture, information on morphological and anatomical variations is important to understand the diseases transmission potential of sand ßy vector species. Here we report morphological and anatomical variations in P. (P.) papatasi population collected from Gaya dt., Bihar, India.
Materials and Methods
Sand ßy collections were made in different physiographic regions of India: Panaiyadienthal, and Uthrakosamangai from Ramanathapuram district, Tamil Nadu during November 2007; Chichala from Nagpur dt., Baranjamoksha, Warora, Khatode, Naleshwar, Sahkhari and Ghugus from Chandrapur dt., Shendurwafa and Katurli from Bandara dt., Maharashtra during AugustÐOctober 2008; Devikundsagar, Nokha, Udairamsar, Bhinasar, Karmisar, Bamblu, and Lunkaransar from Bikaner dt., Rajasthan during August 2009; Majlishpur, Mohanapur (and Makhiatarpur from Vaishali dt., and Chaura from Gaya dt. Bihar during July 2010 adopting the procedure described by Kalra and Bang (1988) from both indoors (human dwellings and cattle shed) and outdoors (animal burrows, bushes, tree holes, tree buttresses). Sand ßies collected were treated with 10% NaOH and mounted on slides using HoyerÕs ßuid and identiÞed to species following the keys of Lewis (1967 Lewis ( , 1978 , Artemiev (1978) , and Kalra and Bang (1988) . Morphometric measurements of taxonomic characters outlined by Lewis (1982) were measured using Nikon compound microscope (Beijing, China), under different magniÞcations, Þt-ted with micrometer and diagrams were drawn using camera Lucida.
DNA samples from P. (P.) papatasi s.l. were extracted using SIGMA Genelute Mammalian Genomic DNA MiniPrep Kit (Sigma-Aldrich, St. Louis, MO) and the mitochondrial cytochrome C oxidase gene subunit one was ampliÞed following the standard protocol for construction of DNA barcodes (Knowlton and Weigt 1998, Hebert et al., 2003) . The StudentÕs t-test on independent samples was performed to determine the signiÞcance in morphological and anatomical variations in P. (P.) papatasi s.l. population. No sand ßy has been examined for natural infection, if any.
Results
In total, 115 specimens comprising, 44 male and 71 female P. (P.) papatasi s.l. was obtained and among the collections, Bihar contributed 44.4% of the sand ßies. Sand ßies obtained from other states such as Maharashtra, Rajasthan, and Tamil Nadu were 33.0, 20.0, and 2.6%, respectively. Majority of P. (P.) papatasi s.l. was found resting, predominantly in human dwellings, made of mud plastered wall, mud ßoor, and thatched roof (87.8%) and other types of habitats from where sand ßies collected include, mixed dwellings, which are shared by both human and cattle (7.8%), cattle sheds (3.5%), and tree holes (0.9%). Of the 115 P. (P.) papatasi s.l., 24 (6 males and 18 females) obtained exclusively from human dwellings in an agriculture village, Chaura (N ϭ 24Њ 45Ј 16.1Љ, E ϭ 084Њ 56Ј 67.6Љ) located in Gaya dt., in Bihar showed morphological and anatomical variation.
Sixty one specimens of P. (P.) papatasi s.l. were subjected for morphometric measurements of major taxonomic characteristics, which were found perfect in mounting on microscopic slides. Specimens examined include two females from villages of Ramanathapuram dt., Tamil Nadu, each eight males and females from villages of Chandrapur dt., Maharashtra; 12 males and 10 females from villages of Bikaner dt., Rajasthan; Þve males and four females from villages of Vaishali dt., Bihar; and 12 (each six males and females) from the village Chaura, in Gaya dt., Bihar. Mean values of the major morphometric measurements of taxonomic importance used to differentiate P. (P.) papatasi from P. (P.) papatasi variants were given in Table 1 . P. (P.) papatasi males measure 2.05 Ϯ 0.12 mm (mean Ϯ SD) (range, 1.94 Ð2.2 mm) in length, while P. (P.) papatasi females measure 2.75 Ϯ 0.05 mm (range, 2.7Ð2.8 mm). P. (P.) papatasi variant males measure 1.9 Ϯ 0.07 mm (range, 1.8 Ð2.0 mm) in length and that of variant females measure 2.48 Ϯ 0.08 mm (range, 2.4 Ð2.6 mm). The ratio between head length and antenna three (A3) length in P. (P.) papatasi and P. (P.) papatasi variant was 1:0.48 and 1:0.65, respectively, whereas the ratio between spermathecal duct and genital Þlament in P. (P.) papatasi and P. (P.) papatasi variants were 1:1.2 and 1:1.8, respectively.
In P. (P.) papatasi females the length of (A3) was signiÞcantly shorter (t ϭ 21.939, df ϭ 28, P ϭ 0.000) and the ascoid hairs on A3 were longer (t ϭ 26.708, df ϭ 28, P ϭ 0.0001; Fig. 1A ) compared with P. (P.) papatasi female variants, where the length of A3 was longer and length of ascoid hairs on this segment were shorter (Fig. 1B) . Spermathecae in P. (P.) papatasi females had six segments and the intracellular ducts of secretory cells located distally were distinct, without pigments (Fig. 1C) , whereas the spermathecae had eight segments and distal end of the spermathecae was surrounded with intracellular ducts of secretory cells, which were found to be heavily pigmented among the female variants (Fig. 1D) . Length of genital Þlament (t ϭ 9.664; df 29; P ϭ 0.000) was signiÞcantly longer among P. (P.) papatasi males ( Fig. 2A ) compared that observed in P. (P.) papatasi male variants (Fig. 2B ). Length and size of the aedeagus were also relatively larger in male P. (P.) papatasi than that of the male variants (t ϭ 5.993; df ϭ 29; P ϭ 0.000). Although the length of coxite was shorter (t ϭ 2.217; df ϭ 29; P ϭ 0.035) and style was longer (t ϭ 0.994; df 29; P ϭ 0.326) in male P. (P.) papatasi variants, compared with that of the male P. (P.) papatasi the difference is not signiÞcant. The basal spines were signiÞcantly closer (t ϭ 7.524; df 29; P ϭ 0.000) with each other in male P. (P.) papatasi (Fig. 2C) , compared with variant males (Fig.  2D) .
The DNA barcoding of both males and females of P. (P.) papatasi that were obtained from other study areas and P. (P.) papatasi variant were found to be in the same clade. It is also conÞrmed that both male and female P. (P.) papatasi variant that showed morphological variations were found to belong the same clade and hence associated and with that of P. (P.) papatasi population. These observations clearly indicate the existence of morphological and anatomical variations in P. (P.) papatasi s.l. populations in India.
Discussion
Comparison of morphological parameter of P. (P.) papatasi with that of earlier description reveals general conformity in most of the characters (Schmidt and Schmidt 1963) and the difference in morphometirc parameters of A3, ascoid hairs and spermathecae in females and genital Þlament in males are clearly evident, which conÞrm the existence of morphological and anatomical variation in P. (P.) papatasi and P. (P.) papatasi variants as well, in India. Samples collections ßuctuated because of uneven distribution of P. (P.) papatasi s.l. Number of male P. (P.) papatasi s.l. specimens encountered were relatively lower, compared with female P. (P.) papatasi s.l. Perhaps the females differ from males in feed and rest behavior and found predominantly in human dwellings, while males prefer to rest at the vicinity of breeding habitats, which are peri-domestic.
Genetic variations in P. (P.) papatasi population have also been reported by Dantas-Torres et al. (2010) from Italy, when the mitochondrial DNA was sequenced. On the contrary, Depaquit et al. (2008) when sequenced the rDNA and the ND4 gene of mitochondrial DNA of P. (P.) papatasi populations, collected from 18 countries, observed molecular homogeneity among the diverse geographical populations. In the present investigation, barcoding of mitochondrial DNA of P. (P.) papatasi s.l. also did not show any genetic variation and found to be in a same clade. Although DNA barcoding technique using mitochondrial cytochrome C oxidase gene subunit one facilitates discovering new species, it showed a limited success because of the inßuence of maternally transmitted bacteria (e.g., Wolbachia) that cosegregate with mitochondria (Whitworth et al. 2007) . Studies with certain insects suggest an equal or even greater error rate, because of the frequent lack of correlation between the mitochondrial genome and the nuclear genome or the lack of a barcoding gap (Hurst and Jiggins 2005 , Whitworth et al. 2007 , Wiemers and Fiedler, 2007 .
P. (P.) papatasi variant population found prevalent in Chaura village, Gaya dt., surrounded with hills in Bihar, India, is isolated from its parent population. Perhaps, environmental factors are responsible for such variations in the population. Geographic variations in among P. (E.) argentipes population had been reported by Lane (1988) , Ilango et al. (1994) , and Surendran et al. (2005) . As has been carried out in the present investigation, length of A3 and its ascoid hairs had been described for taxonomic review of sand ßies of the subgenus Phlebotomus by Kakarsulemankhel (2009) 
Geographical isolation is a key factor in speciation and the isolated population evolve characteristics, different from the parent population because of genetic changes over a time period, become unable to successfully mate with each other and result a new species emergences (Barton 2001) . Similarly the variation in P. (P.) papatasi s.l. would also lead to species complex. Although involvement of P. (P.) papatasi s.l. in the transmission of cutaneous leishmaniasis is known (Lodha et al. 1971) , importance of P. (P.) papatasi variant warrants further study. Hence an in-depth study is required to establish reproductive isolation of the variants from their parent population.
